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PHILOSOPHICAL TRANSACTIONS. 



I. The Bakerian Lecture. — On certain Phenomena of Voltaic Ignition and the 

Decomposition of Water into its constituent Gases by Heat. 

By W. R. Grove, Esq., M.J., F.R.S. 

Received September 3, — Read November 19, 1846. 

IN the Philosophical Magazine for August 1841, 1 recommended for eudiometrical 
purposes, the use of a platinum wire ignited by a voltaic battery. In Plate I. fig. 1, 
is represented a form of apparatus for this purpose ; it consists of a tube of Bohe- 
mian glass, with a loop of platinum wire -jnyth of an inch diameter sealed into its 
upper end ; the size of the glass tube may be adapted to the quantity of gas sought to 
be analysed, and may when necessary be reduced to extremely small dimensions, one- 
eighth of an inch being ample ; into this the gas may readily be made to ascend, by 
the insertion of a wire of copper, platinum, or glass, as may be suitable to the gas : 
two cells of the nitric-acid battery are sufficient fully to ignite the wire, and the same 
battery supplies, by electrolysis, pure oxygen and hydrogen for the analysis. Since 
the period when I first proposed this, I have seldom used any other apparatus for such 
gaseous analyses as are performed by combining the gas to be examined with oxygen 
or hydrogen. This eudiometer possesses the advantage of enabling the operator 
either to detonate or slowly to combine the gases, by using different powers of battery, 
by interposing resisting wires, or by manipulation alone, — a practised hand being 
able by changing the intervals of contact to combine or detonate the gas at will. My 
general practice has been to produce a gentle heat in the wire until the gases con- 
tract, and then gradually to increase the heat until a full ignition takes place, by 
which means all the objects of the eudiometer of Volta are fulfilled, without detona- 
tion, without dependence on the fickle electric spark, and without thick tubes, any 
danger of explosion, or of the gases being projected from the eudiometer. 

I have commenced with a description of this eudiometer, as it has been indirectly 
the means of my undertaking the experiments detailed in this lecture; and as its very 
great convenience has never been generally understood, I think that in strongly re- 
commending it, I shall be of service to chemists. 
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2 MR. GROVE ON THE DECOMPOSITION OF WATER BY HEAT. 

In a paper honoured by insertion in the Philosophical Transactions for 1845, 
p. 358, I have shown another method of eudiometry also performed by voltaic igni- 
tion ; in that experiment the vapour of camphor was decomposed into carbonic oxide 
and carburetted hydrogen ; it was an application of voltaic ignition to effects 
analogous to those produced by Priestley and others, by passing compound gases 
through ignited tubes of porcelain. 

But the voltaic process has this immense advantage, that the heat can be rendered 
incomparably more intense ; that the quantity of vapour or gas to be operated on 
may be indefinitely small ; that there are no joints, stop-cocks or ligatures ; and that 
there is no chance of endosmose, which takes place through all porcelain vessels. I 
therefore determined to examine by these means several gases, both with a view of 
verifying, under different circumstances, known results, and seeking for new effects 
by this new and advantageous application. I used an eudiometer (fig. 1) of 8 inches 
long and 0'4 inch internal diameter, exposing the gases to intense heat, and subse- 
quently analysed the residues in one of the same length, but - 2 inch diameter. 

I will first consider the physical effects of different gases on the ignition of the 
wire itself. 

In a paper on the Application of Voltaic Ignition to lighting Mines*, I have men- 
tioned the striking effects of hydrogen in reducing the intensity of ignition of a 
platinum wire, so much so that a wire voltaically ignited to incandescence in atmo- 
spheric air, is apparently extinguished by inverting over it a jar of hydrogen ; with 
other gases the effects are not so striking, and with them these differences are best 
shown by including a voltameter in the circuit. Davy found that the conducting 
power of a wire diminished in proportion to the degree to which it was heated: 
assuming the accuracy of this position, the amount of gas in the voltameter would be 
inverse to the intensity of ignition in the wire. The following is the result I obtained 
with different gases, employing the same battery (the nitric-acid combination at its 
most constant period), the same wire, and the same vessel : — 

Cubic inches of gas evolved in 
Gases surrounding the wire. the voltameter, per minute. 

Hydrogen 7'7 

defiant gas 7'0 

Carbonic oxide .6*6 

Carbonic acid . 6 - 6 

Oxygen 6*5 

Compressed air, 2 atmospheres . . 6*5 

Nitrogen 6*4 

Atmospheric air 6*4 

Rarefied air 6*3 

Chlorine 61 

* Philosophical Magazine, December 1845. 
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To ascertain the relation between the amount of radiant heat generated by the 
same battery and wire in gases which presented striking differences as to the lumi- 
nous effects of the platinum wire, an apparatus was prepared in which the bulb of a 
thermometer was retained at a certain distance from the coil of wire ignited by a 
battery of four cells, and exposed, first, to an atmosphere of hydrogen, and then to 
one of atmospheric air, at the same temperature and pressure ; the thermometer rose 
7^° in five minutes in the hydrogen, and 15° in the air in the same time. Both the 
heating and luminous effects appear therefore to be greater in atmospheric air 
than in hydrogen. I cannot satisfactorily account for the differences shown in the 
above table ; there appears a general tendency to greater ignition in the electro- 
negative than in the combustible gases, but the facts are far too few to found a 
generalization. I was at first inclined to regard the difference of effect in hydrogen 
as analogous to the peculiarity mentioned by Leslie* respecting its convection of 
sound, but the parallel does not hold ; sound is transmitted imperfectly through rare- 
fied air, and also through hydrogen ; on the contrary, the heat of the ignited wire is 
most intense in the former, and least so in the latter ; the heat is also very much 
reduced in intensity in the compounds of hydrogen, ammonia and olefiant gas, or 
even by a small admixture of hydrogen with another gas, such as nitrogen ; hydro- 
gen, therefore, appears to have a peculiar and specific action in this respect. 

I now pass to the consideration of the effects of the ignited wire on different gases. 
The ignition was in every case raised to the fullest extent, and the gases after expo- 
sure to it were carefully cooled down to their original temperature. 

When the experiments were made over water, the whole eudiometer was immersed 
in a vessel of distilled water, occasionally having an inch depth of oil on the surface 
(see fig. 2-}~) ; when over mercury, and a long-continued exposure was required, a bent 
tube was employed, as at fig. 3, the closed end being immersed in water or oil, to 
prevent the fusion of the glass which would otherwise have ensued. 

The tubes are much more easily preserved from cracking, and the ignition better 
kept up with oil on the exterior than with water, but as in many of these experiments 
I might have been considerably misled by a crack in the glass, or a bad sealing of 
the wire, allowing a portion of oil to enter the tube, I used water in the greater 
number of them until I was assured of the phenomena. 

The apparatus, fig. 3, is superior in one respect to fig. 2, even for experiments over 
water, as the wire being situate below the volume of gas, the circulation is more 
rapid. This object may also be effected by employing the form of eudiometer, fig. 4, 
in which the loop of wire is near the centre of the tube, so as to be just above the 
surface of water in the tube ; there are, however, some difficulties of manipulation 
with this form, which render it practically of less value than fig. 1. 

* Transactions of the Cambridge Philosophical Society, vol. i. p. 267. 

f In this and in figs. 3 and 5, the lines leading from the platinum loop to the mercury cups represent copper 
wires. 
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4 MR. GROVE ON THE DECOMPOSITION OF WATER BY HEAT. 

Binoxide of nitrogen over distilled water contracted differently in proportion to 
the heat of the wire ; in the best experiment it contracted to one- third of its original 
volume ; the residual gas was nitrogen. Nitric acid was found in solution in the 
water. 

Over mercury the effects were nearly the same ; the mercury was attacked, and 
the orange fumes of nitrous acid were visible. 

Protoxide of nitrogen was decomposed into nitrogen and oxygen; the volume in- 
creased by 0*35 of the original volume ; I could not get the full equivalent propor- 
tion, or - 5 of oxygen. 

Carbonic acid underwent no perceptible alteration. 

Ammonia increased to double its original volume ; it was now no longer absorbable 
by water, and gave 3 volumes of hydrogen, plus 1 nitrogen. 

Olefiant gas contracted slightly, deposited carbon, the residue being hydrogen and 
olefiant gas, more of the former in proportion to the heat, but I could not succeed in 
entirely decomposing it. 

Nitrogen suffered no change. 

Oxygen gave a very slight contraction, amounting to ^th of its volume ; the 
oxygen employed was very pure, obtained from chlorate of potash and manganese, 
and also from water by electrolysis : no change in properties was perceptible in the 
oxygen after its exposure to the ignited wire. This contraction I incline to attribute 
to a slight portion of hydrogen present, which view will, I think, be considered as 
strengthened by the effect of the ignited wire on hydrogen, to be presently detailed. 
I at one time thought that the contraction might be due to a slight oxidation of the 
wire, but it never went beyond a very limited point ; nor was the wire altered in size 
or weight, though it was kept ignited for many hours. 

Chlorine over water gave dense white fumes ; a greyish yellow powder accumulated 
on the sides of the tube near the platinum wire, which appeared of the same nature 
as the vapours ; the deposit was insoluble in cold nitric, sulphuric, or muriatic acid, 
but dissolved by the last when boiled. The fumes did not, as far as I could judge, 
affect litmus paper ; a barely perceptible tinge of red was indeed communicated to 
it, but this, I had every reason to believe, was attributable to a slight portion of muri- 
atic acid not absorbed by the water. I have not yet worked out this result, as it is 
probable, considering the number of experiments that have been made on heated chlo- 
rine, that it is a known product, though I cannot find, in several books to which I have 
referred, any substance answering to it in description, and the field opened by voltaic 
ignition is so new that each result demands a separate and prolonged examination ; 
if I find that this is an unknown compound I shall probably resume its investigation*. 

Cyanogen gave, though in very minute quantities, a somewhat similar deposit, but at 
its then very high temperature it began to act rapidly on the mercury, and I was obliged 
to give up the experiment after an hour's ignition. Both these gases require peculiar 

* See Supplemental Paper, p. 20. 
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and novel apparatus for examination by voltaic ignition. It will presently be seen 
that my whole attention and disposable time were necessarily occupied with certain 
phenomena to which this class of experiments ultimately led me. 

Hydrogen gave a very notable contraction, amounting in some cases to one-tenth 
of its volume. This was an unexpected result, and I examined it with care. It took 
place both over water and over mercury ; rather more with the former than with the 
latter. It obtained equally with hydrogen procured by electrolysis from carefully 
distilled water and pure sulphuric acid ; with that procured from common zinc and 
pure sulphuric acid diluted with distilled water ; and with that obtained from distilled 
zinc and pure diluted sulphuric acid. The contraction was less when the water from 
which the hydrogen was obtained was carefully purged of air by boiling and the air- 
pump, but yet there was a notable contraction even when the water had been freed 
from air to the utmost practicable extent. In the numerous experiments which I made 
on this subject, the contraction varied from the xoth to the ^th of the whole volume. 

After many fruitless experiments I traced it to a small quantity of oxygen which 
I found hydrogen to contain under all circumstances in which I examined it. 
Phosphorus placed in hydrogen, obtained with the utmost care, gives fumes of 
phosphorous acid, shines in the dark and produces a slight contraction, but there is 
after this a further contraction by the use of the ignited wire. 

I may cite the following as an easy experiment and simple illustration of the 
rapidity with which hydrogen appropriates oxygen. Let hydrogen be collected over 
water well-purged of air ; let a piece of phosphorus remain in it until all combustion 
has ceased, the hydrogen will then be full of phosphoric vapour ; fill another tube 
with water, and pass the hydrogen rapidly into it, the second tube will instantly be 
filled with a dense white fume of phosphorous acid ; the hydrogen having instantly 
carried with it oxygen from the stratum of water it has passed. 

A very careful experiment was made as follows : — distilled water was boiled for 
several hours, to this was added one-fortieth part by measure of pure sulphuric acid, 
and it was cooled under the receiver of an air-pump ; it was now placed in two test 
glasses, connected by a narrow inverted tube, full of the same liquid : platinum elec- 
trodes were placed in each glass, and the hydrogen caused to ascend immediately 
into the eudiometer tubes ; the whole was completed within two or three minutes 
after the water had been removed from the air-pump. Here the ordinary sources of 
impurity in hydrogen were avoided ; no zinc was used, the sulphuric acid was pure, 
and the quantity was so small, that, had it not been pure, the error could have been 
but very trifling. The hydrogen so obtained, contracted in volume yg-th ; hydrogen 
prepared in the same way, and exposed to phosphorus, gave dense white fumes ; the 
phosphorus was luminous in the dark for more than an hour, and the contraction 
(temperature and pressure being carefully examined) was ^th ; the amount of con- 
traction by the wire would of course equal three times the volume of oxygen mixed 
with the hydrogen, consequently the oxygen would be ^ 8 -th of the whole volume ; 
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the platinum wire induces therefore a greater absorption of oxygen than the phospho- 
rus, unless the volume of hydrogen is increased by the phosphoric vapour ; the sequel 
of this paper will render it probable that even the ignited wire does not, and cannot 
induce combination of all the oxygen existing in the hydrogen. 

I have looked into the papers of MM. Berzelius and Dulong, and of M. Dumas 
on the equivalent weight of hydrogen. The latter contains a most careful experi- 
mental investigation, and is by far the best determination we have ; although it is 
not there mentioned that hydrogen contains oxygen, yet a correction is made for the 
air contained in the sulphuric acid employed. M. Dumas does not state how the 
quantity of that air is calculated. There can be no question that nothing approach- 
ing in elaborate care to these experiments has been yet performed on the subject, 
but with the fullest consciousness of M. Dumas' skill, I have, in all my experiments, 
perceived such an inveterate tendency of hydrogen to possess itself of oxygen, that I 
cannot help entertaining some doubts whether we have yet the real weight of hydro- 
gen within the assigned limits of error. 

It is difficult to see how hydrogen can be absolutely deprived of oxygen which has 
once existed in it ; neither an oxidable metal as zinc, or an ignited inoxidable metal 
as platinum, getting rid of all the oxygen, and phosphorus, if it does so, replaces it by 
its own vapour. The near approach, however, of the equivalent of hydrogen, as de- 
termined by M. Dumas, to the ratio of whole numbers, renders it probable that it is 
a very close approximation to the truth. 

I have not been able to detect nitrogen in the hydrogen, but the probability is that 
a slight quantity also exists in it. Whether the oxygen proceeds from portions of 
air still remaining in solution in the liquid from which the air is exhausted, or 
whether it is a part of the water actually decomposed, but of which the oxygen is not 
absorbed by the zinc, is a question to resolve which further experiments are 
necessary. 

Hydrogen and carbonic acid mixed in equal volumes were readily acted on by the 
ignited wire ; they contracted to 0*48 of the original volume; the residue was carbonic 
oxide ; one equivalent of oxygen had therefore united with the hydrogen ; and the 
slight additional contraction was probably due to the further combination of 
hydrogen with oxygen, as above stated. 

Carbonic oxide exhibited a remarkable effect, and one which, coupled with the last 
experiment, gave rise to considerations which mainly led to the results to be detailed 
in the body of this paper. Carbonic oxide, very pure and carefully freed from 
carbonic acid, was exposed to the ignited wire over distilled water ; the gas increased 
in volume in one experiment to one-third of its original volume, in the greater number 
of instances to one-fifth : this increase depended upon the intensity of ignition, which 
it was very difficult to maintain at its maximum on account of the frequent fusions 
of the platinum wires. 

Here again I had a long research and many erroneous guesses, which I need not 
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detail. Tbe effect did not take place with perfectly dry gas over mercury, and I 
thence was led to attribute it to some combination with aqueous vapour ; the in- 
crease turned out to be occasioned by the formation of carbonic acid. By agitation 
with caustic potash or lime water the gas was reduced to exactly its original bulk, 
but it was now found to be mixed with a volume of hydrogen equal to the volume 
of carbonic acid by which it had been increased ; it was thus perfectly clear that 
half a volume or one equivalent of oxygen derived from the vapour of the water, had 
combined with one volume or equivalent of carbonic oxide, and formed one volume 
or equivalent of carbonic acid, leaving in place of the carbonic oxide with which it 
had combined, the one volume or equivalent of hydrogen with which it had been 
originally associated. 

Comparing the last experiment, viz. that of mixed carbonic acid and hydrogen with 
this, I was naturally struck with the curious reversal of affinities under circumstances 
so nearly similar ; in the one case, hydrogen taking oxygen from carbonic acid to 
form water and leaving carbonic oxide ; in the other, carbonic oxide taking oxygen 
from water to form carbonic acid and leaving hydrogen. 

I thought much upon this experiment ; it appeared to me ultimately that the ignited 
platinum had no specific effect in producing either composition or decomposition of 
water, but that it simply rendered the chemical equilibrium unstable, and that the 
gases then restored themselves to a stable equilibrium according to the circumstances 
in which they were placed with regard to surrounding affinities ; that if the state of 
mixed oxygen and hydrogen gas were, at a certain temperature, more stable than 
that of water, ignited platinum would decompose water as it does ammonia. 

This is a very crude expression of my ideas, but we have no language for such 
anticipatory notions, and I must adapt existing terms as well as I am able. 

It now appeared to me that it was possible to effect the decomposition of water by 
ignited platinum ; that, supposing the atmosphere of steam in the immediate vicinity 
of ignited platinum were decomposed, or the affinities of its constituents loosened, if 
there were any means of suddenly removing this atmosphere I might get the mixed 
gases ; or secondly, if, as appeared by the last two experiments, quantity had any 
influence, that it might be possible so to divide the mixed gases by a quantity of a 
neutral ingredient as to obtain them by subsequent separation (or as it were filtration) 
from the neutral substance. Both these ideas were realized. 

To effect the first object, after, as usual in such circumstances, much groping in 
the dark, I cemented a loop of platinum wire in the end of a tube retort similar to 
fig. 3, and covered it with asbestos, ramming this down so as to form a plug at the 
closed extremity of the tube, the platinum wire being in the centre. My object was, 
by igniting the platinum wire, to drain the water out of the asbestos, and the ignited 
wire being then in an atmosphere of steam, I hoped the water would by capillary 
attraction keep constantly oozing down to the platinum wire as the steam or decom- 
posed water ascended. The experiment did not succeed ; the water established a 
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current through the asbestos by washing away fine particles, and the phenomena of 
ordinary ebullition took place, unless the intensity of the battery was very much ex- 
alted, when a very slight decomposition was perceptible, which I attributed to electro- 
lysis. This experiment, however, suggested another which did succeed. In one or two 
cases the asbestos plug became compressed above the platinum and so choked up the 
tube that the wire suddenly fused. It now occurred to me that by narrowing the 
glass tube above the platinum wire I had the result at my command, as the narrow 
neck might be made of any diameter and length, so as just to allow the water to drip 
or run down as the steam forced its way up ; a tube was so formed, and is shown 
with its accompaniments at fig. 5. 

The result of this experiment was very striking : when two cells of the nitric-acid 
battery were applied the air was first expanded and expelled, the water then soon 
boiled, and at a certain period the wire became ignited in the steam. At this in- 
stant a tremulous motion was perceptible, and separate bubbles of permanent gas of 
the size of pin-heads ascended, and formed a volume in the bend of the tube. It was 
not a continuous discharge of gas as in electrolysis, but appeared to be a series of 
rapid jerks ; the water, returning through the narrow neck, formed a natural valve 
which cut off by an intermitting action portions of the atmosphere surrounding the 
wire ; the experiment presented a novel and indescribably curious effect. The gas was 
oxyhydrogen. It will occur at the first to many of those who hear this paper read, 
that this effect might be derived from electrolysis. No one seeing it would think so 
for a moment; and although I shall by my subsequent experiments, I trust, abundantly 
negative this supposition, yet as this was my first successful experiment on this sub- 
ject, and is per se an interesting and striking method of showing the phenomenon of 
decomposition by heat, I will mention a few points to prove that the phenomenon 
could not be occasioned by electrolysis. 

To account for it by electrolysis, it must be supposed that the wire offered such a 
resistance to the current that this divided itself, and the excess of voltaic power 
passed by the small portion of water which trickled down, instead of by the wire. 

In the first place, the experiment was performed with distilled water, and only two 
cells of the battery employed, which will not perceptibly decompose distilled water. 

2ndly. No decomposition took place until the instant of ignition of the wire, 
though there was a greater surface of boiling water exposed to the wire before than 
after the period of ignition. 

3rdly. A similar experiment was made, but with the wire divided in the centre so 
as to form two electrodes, and the water boiled by a spirit-lamp; here the current had 
no wire to conduct any part of it away, but the whole was obliged to pass across the 
liquid, and yet no decomposition took place, or if there were any it was microscopic. 

4thly. When, instead of oil, distilled water was used in the outer vessel*, even the 

* January 8. — I have since found that the exterior tube of oil or water may be dispensed with in this ex- 
periment, as the water which trickles down prevents the fusion of the glass. 
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copper wires, one of which would form an oxidable anode, gave no decomposition across 
the boiling water outside, while the ignited wire inside was freely yielding mixed gases. 

5thly. To prevent the water from being the shortest line for the current, I repeated 
the experiment with a perfectly straight wire (fig. 6). The result was precisely the same; 
but the experiment is more difficult, as a certain length of wire is necessary, the 
sealing is more troublesome, and the size of the bulb is much more difficult to adapt 
to the production of steam in exactly the requisite quantity ; the straight wire being 
more suddenly extinguished and more easily fused : with careful manipulation how- 
ever it succeeds equally well with the former experiment. 

I might add other experiments and arguments, but I believe when the remainder 
of this paper has been read, that the above will be thought scarcely necessary. 

I now directed all my efforts to produce the effects by heat alone without the 
battery. I will mention a few of my unsuccessful attempts, as it will save trouble to 
future experimenters. I sealed a platinum wire into the extremity of a curved tube, 
filled the latter with water, and applied a strong heat by the blowpipe to the pro- 
jecting end of the wire, hoping that the conducting power of the platinum, although 
inferior to that of most other metals, was sufficiently superior to that of glass to enable 
me to ignite the portion of the wire within the tube, and thus surround it with an 
atmosphere of steam ; the water however all boiled off from the glass ; nor could I 
succeed in igniting the platinum by heat from without. A similar failure occurred 
when, on account of its superior conducting power, a gold wire was substituted for 
that of platinum. 

I sealed spongy platinum and bundles of platinum wire into the ends of Bohemian 
glass tubes, closing the glass over them, and then filling the tubes with water and 
heating the whole extremity ; but the water boiled off from the glass, and the platinum 
could not be made to attain a full incandescence. 

After many similar trials I returned to the battery, and sought to apply it in a 
manner in which electrolysis could not possibly take place. I had hoped, as I have 
above stated, to obtain a residual decomposition of water by masking or diluting the 
gases by a neutral substance. I therefore tried the following experiment : a tube 
similar to fig. 1 was filled with water which had been carefully freed from air by long 
boiling and the air-pump ; it was then inverted in a vessel of the same water, and a 
spirit-lamp applied to its closed extremity, until the upper half was filled with vapour 
(see fig. 7)- The wire was brought to a full ignition by the battery, and kept ignited 
for a few seconds ; connexion was then broken and the lamp removed, so that the water 
gradually ascended. A bubble of the size of a large mustard-seed was left in the ex- 
tremity of the tube, and I was much gratified at finding that when this was caught by 
alighted match at the surface of the water-trough it detonated. The experiment was 
then repeated, continuing the ignition for a longer time, but the gas could not be in- 
creased beyond a very limited quantity ; indeed it was not to have been expected, as 
supposing it to be mixed gas, recombination of the excess would have taken place, 

mdcccxlvii. c 



10 MR. GROVE ON THE DECOMPOSITION OF WATER BY HEAT. 

and the fact of any uncombined gas existing when exposed to incandescent platinum, 
will doubtless surprise those who hear it for the first time. 

The experiment was repeated as at first and the bubble transferred to another 
tube ; the wire was then again ignited in vapour, another bubble was instantly formed 
and transferred, and so on, until after about ten hours' work sufficient gas was col- 
lected for analysis ; this gas was now placed in an eudiometer, it detonated and con- 
tracted to 0*35 of its original volume; the residue being nitrogen. The experiment 
was repeated several times with the same general results, the residue sometimes con- 
taining a trace of oxygen. 

Here electrolysis was out of the question ; the wire was ignited in (if I may use the 
expression) dry steam, the upper part of the tube being far above the boiling-point, 
and of course perfectly transparent ; if not an effect of heat, it must have been a new 
function of the electric current, at least one hitherto unknown. 

As the voltaic arc and electric spark afford heat of the greatest intensity, I tried 
a succession of electric sparks from platinum wires through steam in the apparatus 
fig. 8, the water, as in all my experiments, having been previously purged of air (to 
save circumlocution I will in future call it prepared water). The sparks were taken 
from the hydro-electric machine of the London Institution ; they had in the steam a 
beautiful crimson appearance ; on cooling the tube a bubble was perceptible, which 
detonated by the match. 

As in the previous experiments, a whole day's work did not increase the bubble, 
but when it was transferred another instantly formed ; the gas was similarly col- 
lected; it detonated and contracted to 0-4 of its original volume; the residue was 
nitrogen with a trace of oxygen. 

This experiment will again surprise by its novelty ; the very means used in every 
laboratory to combine the mixed gases and form water, here decompose water*. 
From a vast number of experiments which I have made on the voltaic and electric 
disruptive discharges (which are I believe similar phenomena, differing only in quan- 
tity and intensity), I believe the decompositions produced by them are the effects of 
heat alone, and this experiment was therefore to my mind a repetition of the last 
under different circumstances ; others however may think differently. This experi- 
ment also I several times repeated. 

By counting the globules given off, and comparing a certain number of them with 
the average volume of steam in the last two experiments, an attempt was made to 
ascertain what proportion of water could be decomposed by an ignited platinum wire 
in aqueous vapour, or, which amounts to a corollary from this proposition, what degree 
of dilution would enable mixed gas to exist without combustion in an atmosphere of 
steam exposed to an ignited platinum wire. The proportion in an experiment in 
which the globules were so counted, was 1 to 2400 ; the probability is however that 

* I need scarcely point out the distinction, in fact, between this experiment and those in which liquid water 
has been decomposed by the electric spark. See Supplemental Paper, p. 21. 
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different temperatures of the platinum wire would give different volumes of gas so 
decomposed, the volume being greater as the wire is more intensely ignited. 

Although there was no known effect of electricity which could produce the pheno- 
menon exhibited by the last two experiments, and it was in any event new, still, firmly 
convinced that it was an effect of heat, I again determined to attempt its production 
by heat alone, and without the use of the battery. I procured a tube of silver 9 inches 
long and 0*4 inch diameter ; at the extremity of this was a platinum cap to which 
a smaller tube, also of platinum, was soldered. This platinum tube was closed at the 
end and soldered with gold solder. The apparatus was filled with prepared water ; 
the water was boiled in the tube to expel the air from the narrow tube and any 
which might have adhered to the vessel ; the tube was then, when full of hot water, 
inverted into water, and the flame of a common blowpipe made to play against the 
platinum tube (see fig. 9) until a white heat was obtained. Upon inverting it under 
water, a bubble of the size of a mustard-seed rose to the surface, which gave a very 
feeble detonation with the match. Similar bubbles were collected as before, and the 
gas in an eudiometer contracted to 0*7. On repetition the experiment did not succeed 
so well, and upon several repetitions it sometimes succeeded and sometimes failed, and 
I should not mention it but that it was the first experiment which gave me, although 
not very satisfactorily, the effect of decomposition by heat alone. The reason of its 
uncertainty I believe to have been the want of a sufficiently intense heat, as I dared 
not venture on account of the gold solder to push the ignition very far ; in fact, I sub- 
sequently fused the extremity and spoiled the apparatus by applying the oxyhydrogen 
flame to it ; had the platinum tube been welded instead of gold-soldered, it would 
doubtless have succeeded better. I should state that the object of the silver tube 
was to prevent the chance of recom position by the catalytic effect of a large platinum 
surface ; to have, in short, a small portion of platinum exposed to the steam, and that 
at a high temperature : economy was also no indifferent consideration. This expe- 
riment, although, coupled with the previous ones, tolerably conclusive, did not satisfy 
me, and I attacked the difficulty in another manner. The experiment (fig. 5) induced 
me to believe that if I could get platinum ignited under water so as to be in an atmo- 
sphere of steam, decomposition would take place ; and M. Boutigny's experiments on 
the spheroidal state of water led me to hope I might keep platinum for some time 
under conditions suitable for my purpose. 

After a few failures I succeeded perfectly by the following experiment. The ex- 
tremity of a stout platinum wire was fused into a globule of the size of a peppercorn, 
by a nitric-acid battery of 30 cells; prepared water was kept simmering by a spirit- 
lamp, with a tube filled with water inverted in it ; charcoal being the negative ter- 
minal, the voltaic arc was taken between that and the platinum globule until the 
latter was at the point of fusion ; the circuit was now broken, and the highly in- 
candescent platinum plunged into the prepared water : separate pearly bubbles of 
gas rose into the tube, presenting a somewhat similar effect to experiment (fig. 5), 

c2 
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The process was repeated, the globule being frequently plunged into the water in a 
state of actual fusion ; and when a sufficient quantity of gas was collected it was 
examined, it detonated, leaving 0*4 residue ; this was as usual nitrogen with a trace 
of oxygen. A second experiment gave a still better result, the gas contracting to 
0*25 of its original volume. 

On making the platinum negative and the charcoal positive, a very different result 
followed ; the carbon was, as is known to electricians, projected upon the platinum ; 
and the gas in this case was mixed with carburetted hydrogen and carbonic oxide. 
I know no experiment which shows so strikingly the different effects at the disrup- 
tive terminals as this ; when the platinum is negative it gives much carbonic gas, 
when it is positive, not a trace (the gas was delicately and carefully tested for it) ; 
nay, more, by changing the platinum from negative to positive the carbon is instantly 
removed, and in a single experiment the platinum becomes perfectly clean. 

Here then I produced very satisfactorily decomposition by heat ; it is true, the 
battery was used, but used only as a means of fusing the platinum, as this was, as 
soon as fused, entirely separated from the circuit and could have no possible voltaic 
action. Wishing however altogether to avoid the use of the battery, I repeated this 
experiment, employing as my means of fusing the platinum the oxyhydrogen blow- 
pipe ; the experiment was equally successful, perhaps more so, as the manipulation 
was more easy. 

I could readily by this means collect half a cubic inch or more of the gas ; when 
detonated, the residue of nitrogen averaged 0*35 of the original volume. 

In carefully watching this experiment, I observed that at first a rapid succession 
of bubbles ascended into the tube from the incandescent platinum, it then became 
quiescent; the spheroidal state was assumed by the water and no gas ascended; on 
losing the spheroidal state a sudden hiss was heard, and a single bubble ascended 
into the tube. I determined to examine separately the gas from the platinum before 
and after the quiescent state ; to effect this I placed two inverted tubes in the capsule 
with the orifices near each other ; the platinum at the point of fusion was immersed 
under one tube, say tube A, and as soon as the ascent of bubbles ceased, it was re- 
moved across to tube B, and the last bubble then entered that tube ; the gases from 
each tube were separately analysed, and tube A gave nearly all detonating gas, the 
residue being only 0*2 ; tube B gave none ; the gas collected in it was nitrogen, with 
a trace of oxygen. 

In order to examine the effect of an oxidable metal under similar circumstances, 
I fused by the oxyhydrogen blowpipe the end of a stout iron wire, plunged it into 
prepared water and collected the globules of gas ; no oxygen was given off, or at least 
no more than I have always found to accompany hydrogen, which with a small residue 
of nitrogen was the gas given off in this experiment. 

I was now anxious to produce a continuous development of mixed gas from water 
subjected to heat alone, in other words, to succeed in an experiment which should 
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bear the same relation to experiment fig. 9 as fig. 5 did to fig. 7 ; for this purpose 
the apparatus shown at fig. 10 was constructed : a and b are two silver tubes 4 inches 
long by 0*3 inch diameter ; they are joined by two platinum caps to a platinum tube 
c, formed of a wire one-eighth of an inch diameter drilled through its entire length, 
with a drill of the size of a large pin; a is closed at the extremity, and to the extremity 
of b is fitted, by means of a coiled strip of bladder, the bent glass tube d. The whole 
is filled with prepared water, and having expelled the air from a by heat, the extremity 
of the glass tube is placed in a capsule of simmering water. Heat is now applied by 
a spirit-lamp, first to b and then to a, until the whole boils ; as soon as ebullition takes 
place, the flame of an oxyhydrogen blowpipe is made to play upon the middle part 
of the platinum tube c, and when this has reached a high point of ignition, which should 
be as nearly the fusing-point of platinum as is practicable, gas is given off, which, 
mixed with steam, very soon fills the whole apparatus and bubbles up from the open 
extremity, either into the open air or into a gas collector. Although by the time I had 
devised this apparatus I was from my previous experiments tolerably well assured of 
its success, yet I experienced a feeling of great gratification when on applying a match 
to one of the bubbles which were ascending, it gave a sharp detonation ; I collected 
and analysed some of it ; it was 0*7 oxyhydrogen gas, the residue nitrogen, with a 
trace of oxygen. 

Those who have endeavoured to deprive water of air, will have no difficulty in 
accounting for the residual nitrogen, or nitrogen mixed with a small portion of oxygen, 
which has occurred in all my experiments. De Luc pointed out the impossibility of 
practically depriving water of air, and Priestley, from observing the obstinacy with 
which water retained air, was led to believe that water was convertible into nitrogen 
(phlogisticated air). I have repeated several of Priestley's experiments under much 
more stringent circumstances, and have never been able to free water from air, or 
so to boil water that for every ebullition of vapour a minute bubble of permanent 
gas was not left, which appeared to have been an indispensable nucleus to the vapour. 

The difficulty of boiling water increases, as M. Donny has proved, in proportion 
to its freedom from air, and at last the bursts of vapour become so enormous that 
the vessels employed are generally broken. There appears to me a point beyond 
which this resistance does not extend ; but even at this point a minute bubble of air 
is left for each burst of vapour, though they are so few and distant that the aggre- 
gate amount of gas is very trifling. I have produced from water which had been 
previously carefully deprived of air by the ordinary methods, three-fourths of its own 
volume of permanent gas, which proved to be nitrogen ; but as the water in this 
experiment was boiled under a long column of oil, it is probable that if any oxygen 
were present, it might have been absorbed by the oil ; I have, however, always found 
the proportion of oxygen to decrease as the boiling was continued. It may be worth 
noticing, as having had some influence on my mind, that many months ago, when 
considering the experiments of Henry and Donny on the cohesion of water, I men- 
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tioned to Mr. Gassiot, and also to Mr. Bingham my assistant (to whose assiduity 
I am much indebted), that I was inclined to think if water eould be absolutely de- 
prived of air, it would be decomposed by heat, a result which I have now attained 
by a totally different series of inductions. It is a circumstance worthy of remark, 
that I find the greater part of the air to be expelled at a comparatively low tempera- 
ture, and when the water has come in contact with the platinum, while the decom- 
position all takes place when the platinum is surrounded by an atmosphere of steam, 
if steam it may be called, for the state of this atmosphere at the first immersion of 
the platinum is at present very mysterious. 

I think I may now safely regard it as proved, that platinum intensely ignited will 
decompose water, and several considerations press on the mind in reflecting on this 
novel phenomenon. 

First of all, to those who are attached to the cui bono argument, and estimate 
physical science in proportion only to its practical applications, I would say that 
these experiments afford some promise of our being, at, no distant period, able to 
produce mixed gases for purposes of illumination, &c. by simply boiling water and 
passing it through highly ignited platinum tubes, or by other methods which may be 
devised ; we in fact by this means, as it were, boil water into gas, and there appears 
theoretically no more simple way of producing chemical decomposition. 

To pass however to more important considerations : the spheroidal state, which has 
lately attracted the attention of philosophers, appears to be closely connected with 
these results, and is rendered more deeply interesting. The last experiment but two 
which I have mentioned, shows that the spheroidal state is intermediate between ordi- 
nary ebullition and the decomposing ebullition ; it is probably therefore a state of polar 
tension, coordinate in some respects with that which takes place in the cell of a voltaic 
combination before decomposition, or when the power employed not being of sufficient 
intensity to produce actual decomposition, the state commonly called polarization of 
the electrodes, obtains. The phenomenon brings out also a new relation between 
heat, electricity, and chemical affinity ; hitherto many electrical phenomena could be 
produced by heat and chemical action, the difference being that in the effects pro- 
duced by the last two forces there was no polar chain, but every minute portion of 
the matter acted on gave rise to the phenomena which in the electrical effects are 
only observable at the polar extremities; thus in decomposing water by iron and 
sulphuric acid, or by passing steam over heated tubes of iron, parallel results are 
obtained to the electrolysis of water with an iron anode ; but in the former cases every 
portion of the iron oxidated gives off its equivalent of hydrogen, in the latter the 
equivalent is evolved from the cathode at a point distant from that where the oxida- 
tion takes place. Hitherto electricity has been the only force by which many com- 
pounds, and particularly water, could be resolved into their constituents without either 
of these being absorbed by another affinity. The decomposition by ignited platinum 
removes this exception, and presents the parallel effect produced by heat alone. 
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Although there is no substance except platinum and some of the more rare metals, 
such as iridium, which promise much success in a laboratory experiment made for 
the purpose of producing the effect I have described, as the greater number of sub- 
stances which will bear a sufficient heat, are fragile, oxidable, or affected by water, 
yet general considerations from the nearest analogies in chemistry would lead us to 
expect a similar effect from all matter in a state of intense ignition ; even assuming 
the presence of solid matter to be necessary, the catalytic effects of platinum are 
shared in different degrees by other substances : it therefore appears probable that at 
a certain degree of heat water does not exist as water or steam, but is resolved into 
its constituent elements. If, therefore, there be planets whose physical condition is 
consistent with an intense heat, the probability is, that their atmosphere and the 
substances which compose them are in a totally different chemical state from ours, 
and resolved into what we call elements, but which by intense heat may be again 
resolved into more subtle elements. The same may be the case in the interior of 
our planet, subject however to the counter agency of pressure. 

The experiments strongly tend to support the views of Berthoixet, that chemical 
and physical attraction are affinal, or produced by the same mode of force. All 
calorific expansions appear to consist in a mechanical severance of the molecules 
of matter ; and if heat produce effects of decomposition merely by increase of inten- 
sity, there seems no reason why we should assign to it in this case a different mode 
of action from its normal one. On this view physical division carried on indefinitely 
must ultimately produce decomposition, and chemical affinity is only another mode 
of molecular attraction. Thus a high degree of rarefaction, as at the bounds of the 
atmosphere, or in the interplanetary spaces, may entirely change the chemical condi- 
tion of matter. 

In a paper published in the Philosophical Transactions for 1843, p. Ill, I have 
shown that we may oppose a chemical actiou by a physical one (electrolysis by a 
vacuum), that antagonizing chemical by physical tension, they mutually oppose each 
other. I believe the converse of this experiment has been made by M. Babinet, who 
by physical compression has prevented the development of chemical action. 

I have also described in the Philosophical Magazine for November 1845, certain 
phenomena which appear to me to be irreconcileable with received chemical views ; 
and though I then believed that the theory of Grotthus would be obliged to give 
way, I now incline to think that some of our chemical doctrines must ere long un- 
dergo a revision. 

It is rather surprising that the valuable applications of which the phenomena of 
voltaic ignition are capable, and the fertile field which (as I believe) it presents for 
discoveries, both physical and chemical, should have been so completely neglected. 
It is true that until a recent period the imperfection of the voltaic battery rendered 
accurate and continued experiment on this subject difficult of performance, but still 
much might have been done. Davy made several experiments on the voltaic disrup- 
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tive discharge, which in many points may be regarded simply as very intense ignition; 
but I am only aware of two experiments of his on voltaic ignition ; one, in which he 
employed it in an exhausted receiver to examine to what extent the radiation of heat 
was carried on in vacuo ; and another, already alluded to, in which, by immersing a 
portion of an ignited wire in water, he observed that it conducted in some inverse 
ratio to its heat, 

I have made a vast number of experiments on the voltaic arc or disruptive dis- 
charge, in various media* ; when this is taken in a medium incapable of acting 
chemically on the electrodes, the phenomena are those of intense ignition of the 
terminals, which are dissipated in vapour and condensed upon the interior of the 
vessel in which the discharge is taken. I have examined some of these deposits, and 
they appear to consist of the metal of the terminals in a finely-divided state ; this is 
strikingly shown with zinc. If the arc be taken between zinc points in an exhausted 
receiver, a fine dark powder, nearly black, is deposited on the interior, which, when 
collected, proves to be pure zinc, and on the application of a gentle heat, takes fire 
in the open air and burns into the white oxide : to casual observation the zinc would 
appear to be burned twice. The experiment appears to me to present an argument 
in favour of the dynamic theory of heat. 

With charcoal, on the other hand, there is little or no deposit, but the charcoal 
continually yields carbonic oxide and hydrogen, and this for hours after the presence 
of water would be deemed impossible. I have taken the arc between pieces of well- 
burned charcoal for eight or nine successive hour. s, and there was still gas generated ; 
indeed it appeared to be given off as long as there was any charcoal remaining, and 
a conversion of the carbon into inflammable gas might have been supposed. Much 
still remains to be done with this powerful agent, the voltaic arc : where, however, 
the object is simply to expose gases to an intense heat, the ignition of a conjunctive 
wire of platinum is more simple in its application, more uniform in its action, and 
instead of requiring a powerful battery, the effect can be satisfactorily produced by 
five or six cells, in many cases by two. 

The heat is not so ihtense as that of the arc, but as it can be brought to within a 
few degrees of the fusing-point of platinum, it is far more intense than any heat 
usually employed in laboratories, certainly than any which can be applied to minute, 
I niay say microscopic portions of gas or vapour. 

In conclusion, I must express my sincere thanks to the managers of the London 
Institution, for having permitted me, as an honorary member, to carry on these expe- 
riments in the laboratory of the Institution. 

* Philosophical Magazine, June 1840. Literary Gazette and AthenEeum, February 7, 1845. 
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